ABSTRACT. Since the status of endogenous avian leucosis/sarcoma virus (ALSV) infections in Korean broiler chickens is unclear, this study examined embryonated eggs obtained from broiler farms and Korean native chicken breeds in Korea using PCR with the primer sets specific for endogenous ALSVs. The PCR assays detected the genomes of EAV, ev, ev/J and ART-CH belonging to the endogenous ALSV from all embryos tested. Phylogenetically, the Korean EAV genomes were more closely related to the prototype EAV-0 than to the other prototype, E51. The Korean ART-CH elements clustered together but were distinct from the prototype ART-CH clones, 5 and 14. Although there was comparatively little divergence in the nucleotide and amino acid sequences of the Korean ev and ev/J genomes compared with the other known ev and ev/J genomes, the Korean genomes had phylogenetically distinct branches. From these results, endogenous genomes are quite prevalent in Korean broiler chickens. In addition, the endogenous genomes circulating in Korean broiler chickens are genetically different from the other known endogenous genomes. These results are expected to provide useful information for the control and establishment of a surveillance system for endogenous ALSVs in Korea. KEY WORDS: avian leukosis/sarcoma virus, chickens, genetic divergence, prevalence.
ens and their wild relative red jungle fowl only, and are therefore younger than EAV [2] . EAV is present at approximately 50 copies per haploid genome and is highly conserved in the genus Gallus. In addition, it is related to endogenous elements in other avian genera [5] . Members of the EAV family are not expressed as infectious virus, but RT activity can be expressed and has been identified in live vaccines [20] . It is believed that ART-CH was recently acquired because the ART-CH elements, which are avian retrotransposons, have deletions in all retroviral genes [8, 12] . Several short regions with homology to the ALSV genes, most of which encode the gag-related sequences, were found in different reading frames of ART-CH [12] . The ev/J is believed to be the origin of the env gene of the subgroup J ALSV [1, 17, 18] . The 5-foot end sequences of ev/J and ART-CH are almost identical [5] . The CR1 elements are non-LTR-containing retroelements possessing the RT sequences. These are considered to be ancient and primitive sequences, preceding the evolution of birds, and are not functionally expressed [2, 5] .
The ALSV-J is believed to have arisen through a recombination between exogenous ALSVs and the ev/J endogenous retrovirus [1, 18, 21] . The susceptibility to tumor formation by the ALSV-J virus varies considerably between different genetic lines of chickens [13] but broiler chickens are particularly prone to tumors [9] . Therefore, the Korean government has commissioned an investigation into the status of avian endogenous retrovirus infections in broiler chickens in order to determine the impact of the high incidence of subgroup J virus infections in Korea [19] . This type of study is essential for reducing the potential of exog-enous viruses that undergo recombination with endogenous retroviral sequences. In addition, the establishment of a detection technology will ultimately lead to the implementation of various measures to help reduce the prevalence of exogenous and endogenous ALSVs infections in Korean broiler stocks. This study examined the status of endogenous ALSVs infections in embryonated eggs from Korean broiler chickens and Korean native chickens using PCR assays specific to each virus.
MATERIALS AND METHODS

Samples:
This study examined the fertile eggs from three types of broiler chickens [Cobb (18 farms), Ross (1 farm) and Hubbard (1 farm), which are the most widely reared chickens in Korea in that order], Korean native chickens (Ogol, Black, Dark-Brown and Light-Brown chickens) and imported White Leghorn chickens (which are widely used for research in Korea). The DNA was extracted from the chicken embryo cells (CEC) from ten 11-day-old embryonated chicken eggs obtained, as described above, from 20 broiler farms, 4 Korean native chicken farms and one White Leghorn chicken farm using a mincing and trypsin treatment, as described elsewhere [3] .
DNA extraction: DNA extraction was carried out using an AccuPrep Genomic DNA Extraction Kit (Bioneer, Seoul, Korea). The total DNA recovered was suspended in 100 µl of DNase free water and stored at -80°C until needed.
Polymerase chain reaction (PCR):
The PCR assays for the detection and sequencing of the endogenous ALSV proviruses in the CEC were performed using the primer sets specific to each endogenous ALSV ( µl of DNase free distilled water. The mixture was preheated for 5 min at 94°C, and subjected to 30 cycles of 1 min at 94°C, 1 min at the required temperature for each primer pair (Table 1) , 2 min at 72°C and a final 7 min incubation at 72°C. The PCR products were analyzed by electrophoresis on a 1.2% agarose gel and visualized by UV irradiation of the ethidium bromide-stained gel.
Sequencing of DNA products: The genetic diversity of the endogenous ALSV was the evaluated by nucleotide (nt) and amino acid (aa) sequences obtained from a single 11-dayold embryonated chicken egg per farm. The primer pairs for sequencing the ev and ev/J genomes were designed from the env gene due to its hypervariation of nt and aa sequences. The primer pair for sequencing the EAV genome was designed between the transmembrane (TM)-coding domain of the env gene and the long terminal repeats because of the large deletion of surface-coding domain of the EAV-0 env gene. The primer pair for sequencing the ART-CHs was designed from the gag-related sequences of ART-CH because the internal regions of the ART-CH were completely defective.
The PCR products were purified using a GeneClean II kit (Bio 101 Inc., LaJolla, U.S.A.) according to the manufacturer's instructions. The DNA was sequenced using an automated DNA sequencer (ABI system 3700, Applied Biosystem Inc., Foster City, U.S.A.). The nt sequences of each ALSV were compared with those of other known endogenous ALSVs (Table 3 ) using the DNA Basic module (DNA- 
sis MAX, Alameda, U.S.A.). A sequence identity search was performed for the EAV, ev, ev/J and ART-CH DNA and EAV, ev and ev/J protein using the LALIGN Query program of the GENESTREAM network server at the Institut de Génétque Humaine, Montpellier, FRANCE (http:// www.eng.uiowa.edu/~tscheetz/sequence-analysis/examples/LALIGN/lalign-guess.html). Phylogenetic analyses were carried out using the neighbor-joining and unweighted-pair group methods employing the average linkages of Molecular Evolutionary Genetics Analysis (MEGA version3.1) with the pairwise distance [10] .
RESULTS
Detection and molecular analysis of ART-CH, ev, ev/J and EAV ALSVs:
The known endogenous ALSVs include EAV, ev, ev/J and ART-CH. The PCR assays using the primer sets specific to each endogenous ALSV revealed all these viruses in the CECs from all chicken breeds examined.
A comparison of the nt sequence of the region between the TM gene and the LTR of the EAV detected in embryonated eggs from all the Korean native chickens showed 100% sequence identity with each other and 99.2-99.6% identity with EAV-0 and other Korean broiler chicken sequences. However, E51 showed only 73.8-74.6% identity to the EAVs from the four Korean native chickens and three broiler chickens. The deduced aa sequences of these regions of the EAV detected in all the Korean broiler chickens showed 100% identity to each other, 98.7% identity to EAV-0, and 70.9% identity to E51. This shows that the Korean EAVs are closely related to EAV-0 but distantly related to E51. The phylogenetic data based on the total number of nt substitutions also showed that the Korean EAVs are closely related to EAV-0 but distantly related to E51 (Fig. 1) .
Because only Brown Leghorn chickens have been used to examine the presence of ART-CH [8] , little is known about the prevalence of ART-CH or its genetic diversity in other chicken breeds. This study only examined the variation in the nt sequence because ART-CH does not encode aa due to the presence of large multiple nt deletions. Paired comparisons of the gag-related nt sequences showed that the EAVs detected in the Korean broiler chickens had high sequence identity (over 98.4%) to each other but slightly low sequence identity with the ART-CH clones 5 (94.9-95.8%) and 14 (91.0-91.8%). Based on the total number of nt substitutions and deletions, the phylogenetic tree of the gagrelated sequences was analyzed using the prototype ART-CH elements, clones 5 and 14. Phylogenetically, the gagrelated nt sequence of ART-CHs showed that the Korean ART-CHs clustered closely around each other but the prototype ARC-CH s, clones 5 and 14, were in a separate branch (Fig. 2) .
In the paired comparisons of the nt sequence of the ev genomes (a part of env gene), the nt sequence substitutions of the ev genomes indicated the maximum sequence divergence between the Korean ev loci detected in the CEC of the Korean native chicken, Dark-Brown, and prototype ev-6, even at small substitutions (1.2%). These nt substitutions led to 3.63% aa changes. Overall, the nt and aa sequences of a part of the env gene of the ev genomes showed a high degree of identity. The phylogenetic tree of the env gene nt sequences showed that the Korean ev genomes were more closely related but the prototype ev genomes including ev-1, ev-3 and ev-6 were clustered in a separate branch (Fig. 3) .
A part of the env gene nt and aa sequences of the ev/J genomes showed a high level of identity (nt; 97.5-99.9% and aa; 94.6-100%) among all the Korean meat-type chickens and the other known ev/J sequences. Moreover, the ev/ J genomes were detected in all the Korean meat-type chickens, and the other known ev/J revealed 96.8-98.1% nt and 94.63-96.98% aa identity to that of subgroup J ALSV. Therefore, phylogenetically, all the known ev/J genomes are distributed randomly (Fig. 4) .
DISCUSSION
Sequence analysis of the region between the TM and LTR of Korean EAVs indicated a low identity to the EAV E51 and a high identity to the other EAVs including EAV-0 and all Korean EAVs. The EAV appears in all Gallus species, which is consistent with a germ line infection prior to speciation [15] . Moreover, the EAV family found in the genomes of the Gallus species forms a heterogeneous group as a result of the longer evolutional pressure than the other endogenous ALSVs. In turn, different members of the EAV appear to have infected the Gallus species at different times. For example, E51 and E33 may be older than EAV-0. Therefore, it is possible that the Korean EAV underwent a different evolutional pathway from EAV E51 but a similar pathway to EAV-0. The evolutionary relationship between the different ART-CHs is not completely understood. A comparison of a part of the gag-related gene sequences detected in the Korean broiler chickens with that of the other known ARTCHs indicates that the Korean ART-CHs are closely related to each other (over 98.4% identity) but are distinct from the ART-CH clones 14 (minimum 91.0% sequence identity) and 5 (94.9% sequence identity). This is supported by the phylogenetic data in this study, in which Korean ART-CH is more closely related to each other but distantly related to clones 5 and 14. Although ART-CHs are recently acquired, these results show that different ART-CHs are present in different breeds of chickens. To the authors' knowledge, this is the first report showing the presence of ART-CH in chickens other than Brown Leghorn chickens.
In this study, paired comparisons of the nt and aa sequences of a part of the env gene between the Korean ev and other known ev genomes showed a high degree of identity. However, phylogenetically, the Korean ev genomes cluster in a group but the prototype ev genomes cluster on a separate major branch, indicating that the ev genomes detected in the Korean native chickens have a different evolutionary pathway from the prototype viruses. In addition, the env gene nt and aa sequences of the ev/J genomes detected in the Korean broiler chickens showed high nt and aa sequence identity, compared with the other endogenous genomes examined. Phylogenetically, the Korean ev/J genomes were scattered randomly among the other known ev/J genomes. Since the ev/J genomes are the origin of the env gene of the subgroup J viruses, there was no marked divergence in the nt substitutions observed between the ev/J and subgroup J viruses.
In this study, PCR analysis with the primer pairs specific to each EAV, ev, ev/J and ART-CH endogenous genomes revealed these avian endogenous retroviruses to be present in all Korean broiler chickens. The expression of certain endogenous proviruses may affect the phenotype of the organism by determining the level of resistance to the related retroviruses, altering the immunological status, or inducing genomic instability through a recombination with the cellular or retroviral sequences [12] . Therefore, more study will be needed to determine if the Korean endogenous retroviruses have these properties.
